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(57) ABSTRACT

A stable etching process is realized at an earlier stage by
specifying the combination of wavelength and time interval,
which exhibits a minimum prediction error of etching pro-
cessing result within a short period. For this, the combina-
tion of wavelength and time interval is generated from
wavelength band of plasma emission generated upon etching
of the specimen, the prediction error upon prediction of
etching process result is calculated with respect to each
combination of wavelength and time interval, the wave-
length combination is specified based on the calculated
prediction error, the prediction error is further calculated by
changing the time interval with respect to the specified
wavelength combination, and the combination of wave-
length and time interval, which exhibits the minimum value
of calculated prediction error is selected as the wavelength
and the time interval used for predicting the etching pro-
cessing process.
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1
DATA ANALYSIS METHOD FOR PLASMA
PROCESSING APPARATUS, PLASMA
PROCESSING METHOD AND PLASMA
PROCESSING APPARATUS

BACKGROUND

The present invention relates to a method of analyzing
data of a plasma processing apparatus for processing a
semiconductor wafer through plasma, a plasma processing
method, and a device used for the plasma processing
method.

In order to obtain the micro shape of the semiconductor
device to be formed on the wafer, plasma processing such as
an etching process is performed for bringing a substance into
an ionized state (plasma state) so as to remove the substance
on the wafer through its action (reaction on the wafer
surface).

The plasma processing apparatus such as the etching
apparatus for processing with plasma is equipped with a
spectroscope (OES: Optical Emission Spectroscopy) which
allows monitoring of the plasma light in order to cope with
light emission resulting from ionizing phenomenon caused
by the plasma. The data measured by the spectroscope will
be referred to as OES data.

In order to stabilize the micro shape of the semiconductor
device, the etching apparatus is structured to apply control
technology to measure the OES data, predict etching pro-
cessing results such as dimension of the micro shape, and
adjust the etching processing condition.

It is necessary to predict the etching processing results
with minimum error by using the OES data for stabilization
of the etching processing result.

There is a known method of predicting the etching
processing result as disclosed in JP-4547396.

JP-4547396 discloses the method of predicting the etch-
ing processing result by selecting monitor data and the
corresponding time interval which are used for predicting
the etching processing result from monitor data of the
apparatus, including the OES data, and predicting the etch-
ing processing result using values only of the selected
monitor data and the time interval, and the method of
adjusting the etching processing condition in accordance
with the prediction result.

SUMMARY

JP-4547396 merely discloses the method of specifying the
time interval with small prediction error of the etching
processing result. The value of the OES data varies depend-
ing on the wavelength of emitted light, and changes over
time during etching process. The prediction error may
become large depending on combination of the selected
wavelength and time interval. In order to stabilize the
etching processing result, it is necessary to specify the
combination of the wavelength and the time interval, which
exhibits the small prediction error of the etching processing
result. Because of a huge number of combinations of wave-
length and time interval, it is further necessary to specify the
combination with small prediction error from those combi-
nations within a short period in view of practical application
for daily work.

An object of the invention is to provide a data analysis
method of an etching apparatus, capable of executing the
etching process stabilized at an earlier stage by specifying
both wavelength and time interval, which exhibit small
prediction error of the etching processing result within a
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short period, an etching method using the analysis result,
and the device used for the method.

The present invention provides a data analyzing method
including the steps of generating a combination of wave-
length and time interval from wavelength band of plasma
emission generated by etching a specimen, calculating a
prediction error upon prediction of an etching processing
result with respect to the generated combinations of wave-
length and time interval, specifying the wavelength combi-
nation based on the calculated prediction error to further
calculate the prediction error by changing the time interval
with respect to the specified wavelength combination, and
selecting the wavelength combination, which exhibits a
minimum value of the calculated prediction error, as the
wavelength and the time interval used for predicting the
etching processing result.

The present invention provides the etching method
including the steps of etching a specimen inside an
exhausted vacuum processing chamber by introducing etch-
ing gas into the chamber to generate plasma while monitor-
ing emission of the generated plasma under a predetermined
etching processing condition, generating a wavelength com-
bination from wavelength band of plasma emission gener-
ated by etching the specimen, calculating a prediction error
upon prediction of an etching processing result with respect
to the respectively generated wavelength combination,
specifying the wavelength combination based on the calcu-
lated prediction error, further calculating the prediction error
by changing the time interval with respect to the specified
wavelength combination, selecting the combination of
wavelength and time interval, which exhibits a minimum
value of the calculated prediction error, as the wavelength
and the time interval used for predicting the etching pro-
cessing result, and adjusting the etching processing condi-
tion using a prediction value of the etching processing result
with respect to the selected wavelength and time interval.

The present invention provides an etching apparatus
which includes a processing chamber, a plasma generating
unit for generating plasma by introducing etching gas into
the processing chamber exhausted in vacuum, in which a
specimen is disposed, an emission monitor unit for moni-
toring emission of the plasma generated by the plasma
generating unit, an arithmetic unit for generating data con-
cerning a condition of controlling the plasma generating
unit, a storage unit for storing the data concerning condition
of controlling the plasma generating unit, which has been
generated by the arithmetic unit, and a control unit for
controlling the plasma generating unit based on a state of the
plasma emission monitored by the plasma emission monitor
unit and the control data stored in the storage unit. The
arithmetic unit generates a wavelength combination from
wavelength band of the plasma emission to be generated by
etching the specimen as a condition for etching the specimen
by the plasma generating unit, calculates a prediction error
for prediction of the etching processing result with respect to
the combinations of wavelength and time interval, specifies
a wavelength combination based on the calculated predic-
tion error, further calculates the prediction error by changing
the time interval with respect to the specified wavelength
combination, and selects the combination of wavelength and
time interval, which exhibits a minimum value of the further
calculated prediction error, as the wavelength and the time
interval used for prediction of the etching processing result
s0 as to generate the condition for etching the set specimen.

The present invention ensures to specify the combination
of wavelength and time interval, which only exhibits small
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prediction error of the etching processing result from the
OES data, and to stabilize the etching processing result.

These features and advantages of the invention will be
apparent from the following more particular description of
preferred embodiments of the invention, as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically representing a
structure of an etching apparatus according to an embodi-
ment of the invention;

FIG. 2 is a block diagram schematically representing a
structure of an etching section of the etching apparatus
according to the present embodiment of the invention;

FIG. 3 is a graph representing an example of the OES
data;

FIG. 4 shows a flowchart explaining an example of the
control for adjusting the etching processing condition and a
scatter chart representing a relationship between the emis-
sion intensity monitor values and the etching processing
result;

FIG. 5 is a table representing an example of etching
processing result data according to an embodiment of the
invention;

FIG. 6 is a table representing an example of OES data
according to an embodiment of the invention;

FIG. 7 is a table representing an example of initial search
result data according to an embodiment of the invention;

FIG. 8 is a table representing an example of random
number search result data according to an embodiment of
the invention;

FIG. 9 is a table representing an example of final search
result data according to an embodiment of the invention;

FIG. 10A is a flowchart representing an analyzing process
flow performed by an arithmetic unit according to an
embodiment of the invention;

FIG. 10B is a flowchart representing the analyzing pro-
cess flow performed by the arithmetic unit according to the
present embodiment of the invention, and specifically,
details of step S202 of the flow shown in FIG. 10A;

FIG. 10C is a flowchart representing the analyzing pro-
cess flow performed by the arithmetic unit according to the
present embodiment of the invention, and specifically,
details of step S207 of the flow shown in FIG. 10B;

FIG. 10D is a flowchart representing the analyzing pro-
cess flow executed by the arithmetic unit according to the
present embodiment of the invention, and specifically,
details of step S207-1 of the flow shown in FIG. 10C;

FIG. 11 is a table of data representing emission intensity
monitor values used for calculating a prediction error
according to an embodiment of the invention;

FIG. 12 is a front view of a screen displaying a section for
input of wavelength for search and an analysis execution
button according to an embodiment of the invention;

FIG. 13A is a scatter chart representing a relationship
between the emission intensity monitor values and the
etching processing results for explaining the process of
calculating the prediction error according to an embodiment
of the invention;

FIG. 13B is a scatter chart representing a relationship
between the emission intensity monitor values and the
etching processing results for explaining the process of
calculating the prediction error according to an embodiment
of the invention;

FIG. 14A is a scatter chart representing a relationship
between the etching processing time and the emission inten-
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sity, indicating a time series change in the emission intensity
according to an embodiment of the invention;

FIG. 14B is a scatter chart representing a relationship
between the etching processing time and the emission inten-
sity, indicating a time series change in the emission intensity
according to an embodiment of the invention;

FIG. 15 is a front view of the screen displaying the initial
search result according to an embodiment of the invention;
and

FIG. 16 is a front view of the screen displaying the final
search result according to an embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method of analyzing data of the etching apparatus
according to the invention allows acquisition of plasma
emission data indicating the emission intensity with respect
to a plurality of values of wavelength and time, which are
obtained upon the etching process and the etching process-
ing result, and evaluation of a prediction error of the etching
processing result based on the average value of the emission
intensity with respect to different combinations of wave-
length and the time interval of the plasma emission data.
This enables to specify the combination of wavelength and
time interval of the plasma emission data used for prediction
of'the etching processing result based on the prediction error.
This process is applied to the etching method and the etching
apparatus. An embodiment of the invention will be
described referring to the drawings. For all the drawings
referred to explain the present embodiment, the same ele-
ments are designated with the same codes, and repetitive
explanations thereof, thus, will be omitted.

Etching Apparatus

As the structure of an etching apparatus according to the
invention of FIG. 1 indicates, an etching apparatus 1
includes an etching section 10, an analyzing section 20, an
input section 30, an output section 31, and a communication
interface section (communication IF section) 32, which are
mutually connected with one another via a bus 33.

The etching section 10 includes a plasma processing unit
11, a spectroscope (OES) 12, a control unit 13, and an
interface unit (IF unit) 14. The plasma processing unit 11
generates plasma to process the wafer. The spectroscope
(OES) 12 acquires the OES data as the plasma emission data
during the etching process. The OES data are stored in a
storage unit 22 of the analyzing section 20 via the IF unit 14.
The control unit 13 controls processing performed by the
plasma processing unit 11. The etching section 10 will be
described later in detail referring to FIG. 2.

The analyzing section 20 executes the process of speci-
fying the combination of wavelength and time interval,
which is used for prediction of the etching processing result.
The analyzing section 20 includes an arithmetic unit 21 for
data analysis, the storage unit 22, and an interface unit (IF
unit) 210.

The storage unit 22 includes an etching processing result
data storage region 23 for storing the etching processing
result for each wafer, an OES data storage region 24 for
storing measurement values of the spectroscope (OES)
which are acquired during the etching process, an initial
search result data storage region 25 for storing initial search
result data of the search process performed by the arithmetic
unit 21, a random number search result data storage region
26 for storing data of a random search result performed by
the arithmetic unit 21, a final search result data storage
region 27 for storing final search result data, and a control
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condition data storage region 28 for storing conditions to be
controlled by the plasma processing unit 11 for etching
process of the wafer.

The arithmetic unit 21 sequentially evaluates the predic-
tion error for prediction of the etching result in accordance
with the emission intensity for each combination of wave-
length and time interval in the etching processing result data
storage region 23 of the storage unit 22, and the OES data
stored in the OES data storage region 24. Then the arithmetic
unit further specifies the combination of wavelength and
time interval, which is used for prediction of the etching
processing result. The analyzing process performed by the
arithmetic unit 21 will be described later in detail.

The input section 30 is formed as a mouse, a keyboard and
the like for receiving information input through operation of
the user. The output section 31 is formed as a display, a
printer and the like for outputting the information to the user.
The communication IF section 32 is formed as an interface
connected to another device (connectable to the inspection
device for measuring etching processing results) and the
system (connectable to the existing production management
system) via the bus 33, an external network and the like for
receiving and transmitting the information. The bus 33
serves to link the respective sections (10, 20, 30, 31, 32).
Each ofthe IF units (14, 210) in the respective sections is the
interface for receiving and transmitting the information via
the bus 33. The analyzing section 20 may be formed as an
independent analyzing device which is connected to the
etching apparatus including the etching section 10 via the IF
unit 210.

Etching Section

The etching section 10 includes the plasma processing
unit 11, the spectroscope (OES) 12, the control unit 13, and
the IF unit 14. The plasma processing unit 11 includes a
chamber 111 that is vacuumed by a not-shown vacuum
exhaust unit, a pair of electrodes 112a, 1125 which generate
plasma inside the vacuum exhausted chamber 111 in
response to application of radio frequency power from a
not-shown power source, a window 115 which allows obser-
vation of the inside of the chamber 111 from outside, and a
gas supplier 117 in the vacuum exhausted chamber 111 for
supplying etching gas so as to subject the wafer 114 to the
etching process.

In the aforementioned structure, the plasma processing
unit 11, according to an instruction from the control unit 13,
generates plasma from the etching gas supplied from the gas
supplier 117 through the not-shown power source between
the electrodes 1124 and 11254 to which the radio frequency
power is applied in the state where the chamber 111 that
stores the wafer 114 is vacuum exhausted by the not-shown
exhaust unit. The plasma gas 113 is impinged on the wafer
114 so as to be processed.

The thus generated plasma gas 113 includes an element
contained in the etching gas supplied by the gas supplier 117
and an element generated from the wafer 114 in processing,
and emits a light ray 116 with wavelength in accordance
with the element contained in the plasma gas 113. The
emitted light 116 is measured by the spectroscope (OES) 12
through the window 115, and stored in the OES data storage
region 24 of the storage unit 22 in the analyzing section 20
via the IF unit 14.

The control unit 13 serves to adjust an etching processing
condition by inputting the OES data measured by the
spectroscope (OES) 12 as the process of adjusting the
etching processing condition to be described later in addition
to an instruction given to the plasma processing unit 11.
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At the end of the etching process, the processed wafer 114
is taken from the chamber 111, and carried to another device
(measurement device, for example) so that another new
wafer 114 is stored in the etching section 10 for the etching
process. The processed wafer 114 is subjected to measure-
ment of a dimension of the pattern shape obtained as a result
of the etching process performed by another device (mea-
surement device). The dimension of the shape may be stored
in the etching processing result data storage region 23 of the
storage unit 22 as the etching processing result data.

OES Data

FIG. 3 shows a waveform signal 301 as an example of the
OES data of plasma emission measured by the spectroscope
(OES) 12. The wavelength band and intensity of the plasma
emission will vary as passage of time during the etching
process. The waveform signal 301 of the OES data includes
two dimensional elements of wavelength and time, indicat-
ing the value of the emission intensity measured with respect
to each waveform and each time. The value of the emission
intensity measured for each waveform and each time will be
stored in the OES data storage region 24 to be described later
together with the wafer ID having the OES data measured.
Etching Processing Condition Adjustment Process

FIG. 4 shows an example of the etching processing
condition adjustment process performed by the control unit
13. The control unit 13 calls control data stored in the control
condition data storage region 28 of the storage unit 22 in
response to an instruction of an operator to adjust the etching
processing condition (S101). The etching processing condi-
tion adjustment process is sequentially performed for a
plurality of wafers using the control data stored in the
control condition data storage region 28. The first wafer is
processed under the preliminarily set condition.

The average value of the emission intensity of a prede-
termined combination of wavelength and time interval is
calculated, or the average value of emission intensity of a
predetermined combination of wavelength and time interval
is divided by the average value of emission intensity of
another predetermined combination of wavelength and time
interval (5102). The value derived from dividing the average
value of the emission intensity of the predetermined com-
bination of wavelength and time interval by the average
value of emission intensity of another predetermined com-
bination of wavelength and time interval will be hereinafter
referred to as an emission intensity monitor value. The
average value of emission intensity of the predetermined
combination of wavelength and time interval may be set to
the emission intensity monitor value.

The control unit 13 predicts the etching processing result
upon input of the aforementioned emission intensity monitor
value (S103). A graph A101 shows an example of the
process of predicting the etching processing result executed
in S103. A y-axis and an x-axis of the graph A101 represent
the etching processing result and the emission intensity
monitor value, respectively. Each point A102 on the graph
represents each sheet of the wafer. The graph shows the
correlation between the emission intensity monitor value
and the etching processing result. A straight line A103 is a
regression line indicating the relationship between the emis-
sion intensity monitor value derived from a plurality of
points A102 and the etching processing result. The straight
line A103 is drawn so that the sum of squares of the distance
from each point of a plurality of points A102 is minimized.
In S103, the regression line A103 is used to calculate a
prediction value (pv) of the etching processing result from
the emission intensity (ei) as a dotted line shown in the
drawing.
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The control unit 13 calculates the difference between a
target value and a prediction value (pv) of the etching
processing result (S104). Based on the difference, the con-
trol unit calculates an adjustment value of the etching
processing condition, for example, the flow rate of the
etching gas (gas flow rate) supplied from the gas supplier
117, and time taken for executing the etching process
(S105).

The control unit 13 executes the etching process under the
adjusted etching processing condition after completion of
the process of adjusting etching processing condition.
Analyzing Section

The information that specifies ID of the wafer subjected
to the etching process, and the information that specifies the
etching processing result will be stored in the etching
processing result data storage region 23 of the storage unit
22 shown in FIG. 1.

FIG. 5 shows an etching processing result data table 23a
as an example of the etching processing result data storage
region 23. This table includes fields of columns 235 for
wafer ID and 23c¢ for etching processing result.

The information that specifies the wafer 114 is stored in
the column 235 for wafer ID. The value to be stored in the
column 235 for wafer 1D is corresponded to the value stored
in a column 255 for wafer ID of an OES data table 25a
which will be described later so that the OES data derived
from etching the respective wafers are corresponded to the
etching processing results.

The information that specifies the etching processing
result is stored in the column 23c¢ for etching processing
result. For example, the measurement result of the surface
shape of the wafer 114 specified in the column 235 for wafer
ID (for example, dimension of the pattern formed on the
wafer 114 measured with a length measuring SEM, and
dimension between patterns) which is measured after the
etching process by using the measurement device which is
connected to the etching apparatus 1. The dimension infor-
mation of the surface shape for each wafer is stored in the
etching processing result data storage region 23 via the
communication IF section 32.

FIG. 6 shows an OES data table 24a as an example of the
OES data storage region 24. This table includes fields of
columns 245 for wafer ID, 24c¢ for wavelength, 244 for time,
and 24e for emission intensity. The number of the tables
corresponds to the number of wafers subjected to the OES
data measurement.

The column 245 for wafer ID stores the information that
specifies the wafer 114. The value stored in the column 245
for wafer ID corresponds to the value to be stored in the
column 235 for wafer ID of the etching processing result
data table 23a as described above.

The column 24e for emission intensity stores the value of
emission intensity measured for each wavelength in the
column 24¢ for wavelength, and each time in the column
244 for time, respectively.

FIG. 7 shows an initial search result data table 254 as an
example of the initial search result data storage region 25.
This table includes various fields of columns 255 for 1D, 25¢
for wavelength 1, 254 for wavelength 2, 25¢ for wavelength
1-time interval, 25f for wavelength 2-time interval, 25g for
prediction error, 254 for prediction error rank, 25i for
continuous search, 25; for standard deviation of emission
intensity, 25k for prediction error rank 1, and 251 for
prediction error rank 2.

Each field stores the information obtained through the
analyzing process to be described later.
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The column 254 for ID stores the information that speci-
fies the wavelength combination. The column 25¢ for wave-
length 1 stores the information that specifies a candidate of
the wavelength used for prediction of the etching processing
result. The value stored in a line i of the column 25¢ for
wavelength 1 will be referred to as WL1 for explanation to
be described later.

The column 254 for wavelength 2 stores the information
that specifies a candidate of the wavelength used for pre-
diction of the etching processing result. The value stored in
a line i of the column 254 for wavelength 2 will be referred
to as WL2 for explanation to be described later.

The column 25¢ for wavelength 1-time interval stores the
information that specifies a candidate of the time interval
used for prediction of the etching processing result. The
value stored in a line i of the column 25e for wavelength
1-time interval will be referred to as WLT1 for explanation
to be described later.

The column 25/ for wavelength 2-time interval stores the
information that specifies a candidate of the time interval to
be used for prediction of the etching processing result. The
value stored in a line i of the column 25/ for wavelength
2-time interval will be referred to as WLT2 for explanation
to be described later.

Values stored in the columns 25¢ for wavelength 1, 254
for wavelength 2, 25¢ for wavelength 1-time interval, and
25f for wavelength 2-time interval are used to predict the
etching processing result in accordance with the emission
intensity monitor value derived from dividing the average
value of the emission intensity in the time interval WLT1
stored in the column 244 for time with respect to the
wavelength WL1 stored in the column 24¢ for wavelength of
the OES data table 24q in the OES data storage region 24 as
shown in FIG. 6 by the average value of the emission
intensity in the time interval WLT?2 stored in the column 244
for time with respect to the wavelength WL.2 stored in the
column 24¢ for wavelength.

The column 25g for prediction error stores the informa-
tion that specifies the prediction error for predicting the
etching processing result using the calculated emission
intensity monitor value in accordance with values stored in
the columns 25¢ for wavelength 1, 254 for wavelength 2,
25e¢ for wavelength 1-time interval, and 25/ for wavelength
2-time interval.

The column 25/ for prediction error rank stores the value
that indicates the rank among information data stored in the
respective lines of the column 25g for prediction error. The
column 25i for continuous search stores the information that
specifies the wavelength combination for continuous search
in the time interval. The column 25; for standard deviation
of'emission intensity stores the information that specifies the
standard deviation of the time series change in the emission
intensity.

The column 25k for prediction error rank 1 stores the
value indicating the rank of information data stored in the
respective lines of the column 25¢ for prediction error. Such
value is calculated with respect to the group (group of small
standard deviation value) in the line, having the value stored
in the column 25; for standard deviation of emission inten-
sity smaller than a predetermined threshold value.

The column 25/ for prediction error rank 2 stores the value
indicating the rank of information data stored in the respec-
tive lines of the column 25g for prediction error. Such value
is calculated with respect to the group (group of large
standard deviation value) in the line, having the value stored
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in the column 25; for standard deviation of emission inten-
sity equal to or larger than the predetermined threshold
value.

FIG. 8 shows a random number search result data table
26a as an example of the random number search result data
storage region 26. This table includes fields of columns 265
for ID, 26¢ for wavelength 1, 264 for wavelength 2, 26¢ for
wavelength 1-time interval, 261 for wavelength 2-time inter-
val, 26g for prediction error, 26/ for prediction error rank,
and 26i for continuous search.

Each field stores the information obtained through the
analyzing process to be described later.

The column 265 for ID stores the information that speci-
fies the wavelength combination common with the one
stored in the column 256 for ID of the initial search result
data table 254 shown in FIG. 7. The column 26c¢ for
wavelength 1 stores the information that specifies a candi-
date of the wavelength used for prediction of the etching
processing result. The column 26d for wavelength 2 stores
the information that specifies a candidate of the wavelength
used for prediction of the etching processing result.

The column 26e for wavelength 1-time interval stores the
information that specifies a candidate of the time interval
used for prediction of the etching processing result.

The column 26 for wavelength 2-time interval stores the
information that specifies a candidate of the time interval
used for prediction of the etching processing result.

Like the initial search result data storage region 25 as
described above, values stored in the columns 26¢ for
wavelength 1, 264 for wavelength 2, 26e for wavelength
1-time interval, and 26/ for wavelength 2-time interval
represent each wavelength of emission and time interval for
predicting the etching processing result.

The column 26g for prediction error stores the informa-
tion that specifies the prediction error for predicting the
etching processing result using the emission intensity moni-
tor value calculated with values stored in the columns 26¢
for wavelength 1, 264 for wavelength 2, 26¢ for wavelength
1-time interval, and 26f for wavelength 2-time interval.

The column 26/ for prediction error rank stores the value
representing the rank of information data stored in the
respective lines of the column 26g for prediction error.

The column 26i for continuous search stores the infor-
mation that specifies the wavelength combination for con-
tinuous search in the time interval.

FIG. 9 shows a final search result data table 274 as an
example of the final search result data storage region 27.
This table includes fields of columns 275 for ID, 27¢ for
wavelength 1, 27d for wavelength 2, 27¢ for wavelength
1-time interval, 27f for wavelength 2-time interval, and 27g
for prediction error.

Each field stores the information obtained through the
analyzing process to be described later.

The column 275 for ID stores the information that speci-
fies the wavelength combination common with the one
stored in the column 256 for ID of the initial search result
data table 254 shown in FIG. 7. The column 27¢ for
wavelength 1 stores the information that specifies a candi-
date of the wavelength used for prediction of the etching
processing result. The column 27d for wavelength 2 stores
the information that specifies a candidate of the wavelength
used for prediction of the etching processing result.

The column 27e¢ for wavelength 1-time interval stores the
information that specifies a candidate of the time interval
used for prediction of the etching processing result.
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The column 27f for wavelength 2-time interval stores the
information that specifies a candidate of the time interval
used for prediction of the etching processing result.

Like the explanation with respect to the initial search
result data storage region 25, values stored in the columns
27¢ for wavelength 1, 27d for wavelength 2, 27¢ for wave-
length 1-time interval, and 27f for wavelength 2-time inter-
val represent the wavelength of emission and time interval
of emission for predicting the etching processing result.

The column 27g for prediction error stores the informa-
tion that specifies the prediction error for predicting the
etching processing result using the emission intensity moni-
tor value calculated with values stored in the columns 27¢
for wavelength 1, 274 for wavelength 2, 27¢ for wavelength
1-time interval, and 27f for wavelength 2-time interval.
Analyzing Process in Analyzing Section 20

The analyzing process according to the present embodi-
ment is the method of specifying the wavelength of plasma
emission data and time which are used for prediction of the
etching processing result in the semiconductor etching pro-
cess which etches the semiconductor wafer with plasma.

The method of analyzing process according to the present
embodiment includes six steps. In the first step, calculating
a prediction error upon prediction of the etching processing
result using the emission intensity average value in a first
half of the time interval in the etching process as well as a
prediction error used for the prediction of the etching
processing result using the emission intensity average value
in a second half of the time interval in the etching process
for each candidate of the wavelength used for prediction. In
the second step, specitying a plurality of wavelength values
each with small calculated prediction error. In the third step,
calculating the prediction error in predicting an etching
result by using an emission intensity average value in the
respectively set time intervals which are set by using the
random number for each of the specified plurality of wave-
length values and. In the fourth step, specifying the wave-
length value with small prediction error calculated in the
second evaluation step. In the fifth step, calculating the
prediction error in predicting an etching processing result by
using emission intensity average values for each of all
possible time intervals with respect to the specified wave-
length. And in the sixth step, specifying a combination of
wavelength and time interval, which is used for prediction of
the etching processing result, by specifying the time interval
with the minimum prediction error from all possible time
intervals with respect to the specified wavelength.

The specific method of analyzing process according to the
present embodiment will be described.

In a stage before sequentially etching a plurality of wafers
using the etching apparatus 1 in the production process, an
operator or a manager of the etching apparatus 1 executes
the analyzing process through the analyzing section 20 for
determining the combination of wavelength and time inter-
val for prediction of the etching processing result.

Since the combination of wavelength and time interval
suitable for prediction of the etching processing result varies
depending on the film structure on the surface of the
semiconductor wafer to be subjected by the etching process,
it is necessary to execute the analyzing process as needed
upon start of the etching process. Using the etching pro-
cessing condition determined by the aforementioned ana-
lyzing process, a plurality of wafer are sequentially sub-
jected to the etching process through the etching apparatus
1 in the production process (mass-production process).

In execution of the analyzing process through the analyz-
ing section 20, the condition for executing the analyzing
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process is input on a display screen 1200 as shown in FIG.
12. The operator inputs the wavelength for search in the
column D101 for input of wavelength for search on the
display screen 1200, and clicks an analyzing execute button
D102 to instruct execution of analysis. The analyzing sec-
tion 20 then performs the analyzing process to output the
combination of wavelength and time interval, which is
suitable for prediction of the etching processing result.

The column D101 for input of the wavelength for search
on the display screen 1200 stores the information that
specifies the wavelength for evaluating the prediction error.
The predetermined wavelength (wavelength determined at
an equal interval, for example, 201, 211) may be automati-
cally input in the column D101 for input of the wavelength
for search. The wavelength indicating emission of an ele-
ment contained in the plasma gas 113 may also be auto-
matically input. The wavelength having the emission inten-
sity higher than that of the peripheral wavelength, that is, the
wavelength indicating the plasma emission peak may also be
input in the column. The analyzing process flow performed
by the analyzing section 20 will be described referring to
FIGS. 10A to 10D.

The wavelength for search is input in the column D101 for
input of wavelength for search on the display screen 1200
shown in FIG. 12 (S200). Then the combination of wave-
length for search which has been input in S200 is generated,
and stored in the initial search result data table 25a shown
in FIG. 7 (S201). The prediction error in the designated time
interval with respect to the combination of wavelength for
search generated in S201 is calculated (S202). The standard
deviation of time series change in the plasma emission
intensity is calculated (S203). The wavelength combination
is specified using the prediction error calculated in S202 and
the standard deviation calculated in S203 (S204). The initial
search result is displayed on the screen (S205).

It is determined whether or not the search is to be
continued (S206). If the search is not continued (No in
S206), the process ends. Meanwhile, if the search is con-
tinued (Yes in S206), the time interval is searched for each
wavelength combination using the random number to cal-
culate the prediction error (S207). The wavelength combi-
nation is specified using the thus calculated prediction error
(S208). The prediction error for all the patterns in the time
interval is calculated with respect to the specified wave-
length combination (S209). The final search result is dis-
played (S210), and the process ends.

The respective process steps will be described in detail.

In S201, the arithmetic unit 21 generates a plurality of
combinations of two wavelengths using a plurality of wave-
lengths for search which have been input in the column
D101 for input of wavelength for search on the display
screen 1200 in S200 as shown in FIG. 12 so that each
wavelength of the combinations is stored in the columns 25¢
for wavelength 1 and 254 for wavelength 2 of the initial
search result data table 25a, respectively as shown in FIG.
7. The combination to be stored may be those of all the
wavelengths input in the column D101 for input of wave-
length as shown in FIG. 12. The arithmetic unit 21 sequen-
tially performs numbering from the first line sequentially in
the column 254 for ID as shown in FIG. 7.

In S202, the arithmetic unit 21 outputs the prediction error
of the etching processing result derived from calculating the
emission intensity monitor value in the designated time
interval with respect to the wavelength combinations stored
in the respective lines of the initial search result data table
25a shown in FIG. 7. The arithmetic unit 21 sequentially
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executes the process of the information from the upper line
of the initial search result data table 25a.

In this step specifically shown in FIG. 10B, the arithmetic
unit 21 performs the process of calculating the first predic-
tion error using the emission intensity in the first half of the
time interval in the etching process (S202-1), and the
process of calculating the second prediction error using the
emission intensity in the second half of the time interval in
the etching process (S202-2). The minimum value of the first
and the second prediction error is stored in the correspond-
ing line of the column 25g for prediction error (S202-3).
Then the time interval that provides the minimum value is
stored in the columns 25¢ for wavelength 1-time interval and
25f for wavelength 2-time interval (S202-4).

The process of calculating the first prediction error in
S202-1 generates an emission intensity monitor value data
table 29a shown in FIG. 11 using the emission intensity
value in the first half of the time interval in the etching
process.

The column 295 for wafer ID of the emission intensity
monitor value data table 29a stores the information that
indicates the wafer with acquired data, for example, the
information stored in the column 236 for wafer ID of the
etching processing result table 23a shown in FIG. 5.

The column 29¢ for emission intensity monitor value
stores the emission intensity monitor value obtained by
dividing the first emission intensity average value by the
second emission intensity average value (S202-5) as shown
below.

The first emission intensity average value is derived from
values stored in the column 24e for emission intensity of the
OES data table 24a shown in FIG. 6 at the row specified by
the wavelength stored in the corresponding line of the
column 25¢ for wavelength 1 of the initial search result data
table 25a shown in FIG. 7 in the time lines from start to the
intermediate stage of the etching process. The time lines
from start to the intermediate stage of the etching process
correspond to those from 1 to 50 as shown in FIG. 6, for
example.

The second emission intensity average value is derived
from values stored in the column 24e for emission intensity
of the OES data table 24a shown in FIG. 6 at the row
specified by the wavelength stored in the corresponding line
of the column 254 for wavelength 2 of the initial search
result data table 254 shown in FIG. 7 in the time lines from
start to the end of the etching process. The time lines from
start to the end of the etching process correspond to those
from 1 to 100 as shown in FIG. 6, for example.

The column 294 for etching processing result of the
emission intensity monitor value data table 29a shown in
FIG. 11 stores the value stored in the column 23c¢ for etching
process result of the etching processing result data table 23a
shown in FIG. 5 so as to be corresponded to the wafer ID
(8202-6).

In the aforementioned step S202-1, the arithmetic unit 21
calculates the prediction error (e) upon prediction of the
etching processing result with the emission intensity moni-
tor value through the following formulae (1) to (5). The
obtained prediction error (e) becomes the first prediction
error.

(Z x;)z [Formula 1]
X = ZX? -

n
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2 [Formula 2]
Yi
Xip = Z ¥ - (Z:T)
: . [Formula 3]
Xi Yi
X3 = Z 0y — w
_ X3 [Formula 4]
T Xy
oo (X12 —a Xi3) [Formula 5]

n

In the above formulae, the code x, denotes the value stored
at the ith row of the column 29¢ for emission intensity
monitor value of the emission intensity monitor value data
table 294 shown in FIG. 11, and the code y, denotes the value
stored at the ith row of the column 294 for etching process-
ing result. The code n denotes the number of rows of the
emission intensity monitor value data table 294, and the
code E denotes the sum of all the rows of the emission
intensity monitor value data table 29a.

The calculated value will be described referring to FIGS.
13A and 13B. A graph A200 shown in FIG. 13A and a graph
B200 shown in FIG. 13B are scatter charts showing values
stored in the column 29¢ for emission intensity monitor
value and the column 294 for etching processing result.

The points, for example, a point A201 of the graph A200
shown in FIG. 13A, and a point B201 of the graph B200
shown in FIG. 13B, represent values stored in the respective
rows of the column 29¢ for emission intensity monitor value
of'the emission intensity monitor value data table 294 shown
in FIG. 11. They are derived from plotting by taking the
value stored in the column 29c¢ for emission intensity
monitor as the horizontal axis, and taking the value stored in
the column 294 for etching processing result as the vertical
axis.

A straight line A202 of'the graph A200 shown in FIG. 13A
and a straight line B202 of the graph B200 shown in FIG.
13B represent straight lines (recession lines) which mini-
mize the average value of sum of squares of the distance
from each point. The first prediction error (e) calculated
through the formula 5 represents a square root of sum of
squares of the distance between each point and the straight
line.

FIGS. 13A and 13B are scatter charts for taking the
emission intensity monitor values with respect to combina-
tions of different values of wavelength and time interval.
Accordingly, values of the etching processing results at the
respective points are the same, but those of the emission
intensity monitor are different.

Comparing the calculated prediction errors (e) between
those shown in the graph A200 of FIG. 13A and the graph
B200 of FIG. 13B, the prediction error (e) of the graph A200
of FIG. 13 A becomes smaller. Referring to the graph A200
of FIG. 13A, the points distribute closer to the recession line
comparing to the graph B200 of FIG. 13B, and it clearly
shows that the emission intensity monitor values of FIG.
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13A are more suitable for prediction of the etching process-
ing result in the aforementioned step of calculating the
etching processing result prediction value (S103). By select-
ing the wavelength and the time interval having smaller
prediction error (e), it makes possible to set the wavelength
and the time interval which are suitable for the process of
calculating prediction values of the etching processing
result.

The calculated prediction error (e) is stored in the corre-
sponding line of the column 25g for prediction error of the
initial search result data table 25a shown in FIG. 7 as the
information for evaluating adequacy of the combination of
wavelength and time interval in the subject line.

Any value other than the prediction error calculated
herein may be used so long as such value represents dis-
persion of the prediction result upon prediction of the
etching processing result using the emission intensity moni-
tor value. For example, it is possible to use the correlation
coeflicient or square of correlation coefficient between the
emission intensity monitor value and the etching processing
result.

In the process step S202-2 of calculating the second
prediction error, like the process step of calculating the first
prediction error, the emission intensity value in the second
half of time interval in the etching process is used to
generate the emission intensity monitor value data table 294
shown in FIG. 11, and to calculate the prediction error (e)
upon prediction of the etching processing result using the
emission intensity monitor value 29¢ through the formulae
1 to 5. The resultant prediction error (¢) becomes the second
prediction error.

In calculation of the second prediction error, the column
29¢ for emission intensity monitor value stores the emission
intensity monitor value obtained by dividing the first emis-
sion intensity average value by the second emission intensity
average value as described below.

The first emission intensity average value is derived from
values stored at the row specified by the wavelength stored
in the corresponding line of the column 25¢ for wavelength
1 of the initial search result data table 25a shown in FIG. 7
in the time line from the intermediate stage to the end of the
etching process in the column 24e for emission intensity of
the OES data table 24a of FIG. 6. For example, the time line
from the intermediate stage to the end of the etching process
represents those from 51 to 100 in the column 244 for time
shown in FIG. 6.

The second emission intensity average value is derived
from values stored at the row specified by the wavelength
stored in the corresponding line of the column 254 for
wavelength 2 in the time line from start to the end of the
etching process in the column 24e for emission intensity of
the OES data table 24a of FIG. 6. For example, the time line
from start to the end of the etching process represents those
from 1 to 100 shown in FIG. 6.

In S202-3, the arithmetic unit 21 compares the first
prediction error calculated in S202-1 with the second pre-
diction error calculated in S202-2, and stores the minimum
value in the corresponding line of the column 25g for
prediction error shown in FIG. 7.

In S202-4, if the first prediction error is minimum, the
arithmetic unit stores the information indicating the time
interval from start to the intermediate stage of the etching
process in the column 25e¢ for wavelength 1-time interval
shown in FIG. 7, and further stores the information indicat-
ing the time interval from start to the end of the etching
process in the column 25/ for wavelength 2-time interval.
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If the second prediction error is minimum, the informa-
tion indicating the time interval from the intermediate stage
to the end of the etching process is stored in the column 25e
for wavelength 1-time interval shown in FIG. 7, and the
information indicating the time interval from start to the end
of the etching process is stored in the column 25f for
wavelength 2-time interval.

Since the element contained in plasma changes as the
etching process proceeds, the plasma emission data will
change depending on the first half and the second half of the
etching process. By evaluating the prediction error in a
classified manner into the first half and the second half of the
time interval, it makes possible to specify the time interval
suitable for prediction of the etching processing result.

In the above method, the time interval of the emission
intensity of the wavelength of the divided part is separated
into the first half and the second half. It is also possible to
calculate the prediction error by separating the time interval
into the first half and the second half with respect to the
wavelength of the dividing part. The first half or the second
half of the time interval may further be divided in detail to
calculate the prediction error so as to use the resultant
minimum value.

In S203, the arithmetic unit 21 calculates the standard
deviation of time series change in the emission intensity for
the respective combinations of wavelength stored in the
lines of the initial search result data table 254 shown in FIG.
7, and the resultant value is stored in the column 25; for
standard deviation of emission intensity. The arithmetic unit
21 sequentially executes the process from the upper line of
the initial search result data table 254. The line to be
processed will be referred to as the subject line.

In the column 24e for emission intensity of the OES data
table 24a in FIG. 6, the standard deviation of time series
change in the emission intensity is calculated through the
formula 6 with respect to data at the row specified by the
wavelength stored in the subject line of the column 25¢ for
wavelength 1 shown in FIG. 7.

sd={2zf—¥}/w—n

Referring to the formula 6, the code z, denotes the value
stored in the ith line among those data pieces at the row
specified by the wavelength stored in the subject line in the
column 25¢ for wavelength 1 shown in FIG. 7. The code m
denotes the number of lines of the column 24¢ for emission
intensity. The code E denotes the sum of data in all the lines
of the column 24e for emission intensity. The sd value
calculated through the formula 6 is one of values indicating
the degree of time series change in the emission intensity.

FIGS. 14A and 14B show the respective time series
changes in the emission intensity for each wavelength. A
graph 1410 of FIG. 14A has small time series change in
emission intensity 1411, and a small sd value. The wave-
length of this type has small change in the average value of
the emission intensity even if the time interval is changed.
Accordingly, changing the time interval is not likely to
improve the prediction error.

Meanwhile, a graph 1420 of FIG. 14B has large time
series change in emission intensity 1421 as well as a large
sd value. The wavelength of this type has the average value
of'emission intensity which largely varies with change in the
time interval. Accordingly, changing the time interval is

[Formula 6]
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likely to improve the prediction error. In the process of
specifying the wavelength combination in S204, the wave-
length combination is specified in consideration of the sd
value.

The step S203 calculates the sd value with respect to the
wavelength stored in the column 25¢ for wavelength 1
shown in FIG. 7. It is also possible to calculate the sd value
with respect to the wavelength stored in the column 254 for
wavelength 2. It is further possible to obtain the sum or a
weighted average of the sd value calculated with respect to
the wavelength stored in the column 25¢ for wavelength 1
and the sd value calculated with respect to the wavelength
stored in the column 254 for wavelength 2 so as to be stored
in the column 25; for standard deviation of emission inten-
sity.

In S204, the arithmetic unit 21 determines the specified
wavelength combination for continuous search in the time
interval using the value stored in the column 25g for
prediction error and the value stored in the column 25; for
standard deviation of emission intensity.

The arithmetic unit 21 ranks the prediction error sequen-
tially from the smaller value in the line through calculation
using the prediction error value stored in the column 25g for
prediction error shown in FIG. 7, and stores the rank in the
respective lines of the column 25/ for prediction error rank.

The arithmetic unit 21 ranks the prediction error sequen-
tially from the smaller value in the line through calculation
with respect to the line in which the value stored in the
column 25; for standard deviation of emission intensity is
smaller than the predetermined threshold value 1 (for
example, 100), and stores the rank in the respective lines of
the column 25k for prediction error rank 1. Likewise, the
arithmetic unit 21 ranks in the prediction error sequentially
from the smaller value in the line through calculation with
respect to the line in which the value stored in the column
25; for standard deviation of emission intensity is equal to or
larger than the threshold value 1, and stores the rank in the
respective lines of the column 25/ for prediction error rank
2.

The arithmetic unit 21 stores the code O in the column
25i for continuous search so that the search is continuously
performed in the time interval with respect to the line having
the rank stored in the column 25/ for prediction error rank,
the column 25% for prediction error rank 1, or the column 25/
for prediction error rank 2 equal to or smaller than a
predetermined threshold value 2 (for example, 10). The code
— is stored in the column 25 for continuous search with
respect to any other line.

The aforementioned process allows restriction of the
wavelength combination for search in the time interval so as
to reduce the search time.

In S205, the arithmetic unit 21 presents the information
stored in the initial search result data table 25a to the
operator so as to confirm whether or not the continuous
search is required.

FIG. 15 shows an example of a screen of the output
displayed by the arithmetic unit 21 for the operator. An
output screen 1500 shown in FIG. 15 displays a list D200 of
combinations of wavelength and time interval, a scatter
chart display section D207, and a continuous search instruc-
tion section D208.

The list D200 of combinations of wavelength and time
interval includes columns D201 for prediction error rank,
D202 for wavelength 1, D203 for wavelength 2, D204 for
wavelength 1-time interval, D205 for wavelength 2-time
interval, and D206 for prediction error. Information data
pieces respectively stored in the columns 25/ for prediction
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error rank, 25¢ for wavelength 1, 254 for wavelength 2, 25¢
for wavelength 1-time interval, 25/ for wavelength 2-time
interval, and 25g for prediction error of the initial search
result data table 254 shown in FIG. 7 are displayed from the
first ranked line stored in the column 25/ for prediction error
rank in descending order.

The scatter chart display section D207 displays a scatter
chart 1510 showing the emission intensity monitor values
and the etching processing results which are derived from
calculating the emission intensity monitor values with
respect to combination of wavelength and time interval with
first ranked prediction error.

The continuous search instruction section D208 displays
the information for confirming the operator whether or not
the continuous search is required. Pressing a button D209 or
D210 allows the arithmetic unit 21 to advance the process to
the next process step S206.

In S206, in response to pressing the button D209, that is,
Yes in the continuous search instruction section D208 by the
operator, the process proceeds to the next step S207. Mean-
while, in response to pressing the button S210, that is, No,
the first ranked data shown in FIG. 15 is stored in the control
condition data storage unit 28 to end the analyzing process.

In S207, the arithmetic unit 21 evaluates the prediction
error in the time interval divided in more detail than the case
in step S202 with respect to the wavelength combination that
the code O indicating the continuous search is stored in the
column 25; for continuous search of the initial search result
data table 254 shown in FIG. 7. The line to be processed will
be referred to as the subject line. The detailed process flow
in this step will be described referring to FIG. 10C.

In this step, the process of calculating the prediction error
with the emission intensity in the time interval which has
been set using the random number (S207-1) is executed R
times as the predetermined number of times (for example,
1000 times) (S207-2), the minimum value of the calculated
prediction error values is stored in the subject line of the
column 26g for prediction error of the random number
search result data table 26a shown in FIG. 8 (S207-3), and
the time interval for providing the minimum value is stored
in the columns 26e for wavelength 1-time interval and 26/
for wavelength 2-time interval (S207-4). The combination
of the wavelength for search and its ID are stored in the
columns 266 for ID, 26¢ for wavelength 1, and 264 for
wavelength 2 (S207-5).

The arithmetic unit 21 repeats the process of calculating
the prediction error (S207-1) R times to obtain R prediction
errors in the different time intervals. The detailed procedure
in the process of calculating the prediction error (S207-1)
will be described referring to FIG. 10D. In the process of
calculating the prediction error (S207-1), the emission inten-
sity monitor value data table 294 shown in FIG. 11 is
generated like the process in S202 to calculate the prediction
error value through the formulae 1 to 5.

The column 295 for wafer ID of the emission intensity
monitor value data table 29a shown in FIG. 11 stores the
information indicating the wafer with acquired data, for
example, the information stored in the column 235 for wafer
ID of the etching processing result table 23a shown in FIG.
5.

The arithmetic unit 21 selects two points using the uni-
form random number from those in the time interval (in the
example shown in FIG. 6, from 1 to 100) in the column 244
for time, which are stored in the OES data table 24a shown
in FIG. 6 (S207-1-2). The small value and the large value of
those of the selected time are set to TS1 and TE1, respec-
tively (S207-1-3). The arithmetic unit 21 calculates the third
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emission intensity average value of those stored at the row
specified by the wavelength stored in the corresponding line
of the column 25¢ for wavelength 1 shown in FIG. 7 in the
time line from TS1 to TE1 of the column 24e for emission
intensity of the OES data table 24a of FIG. 6 (S207-1-4).

The arithmetic unit 21 selects two points using the uni-
form random number of time stored in the OES data table
24a (S207-1-5). The small value and the large value among
the selected time values are set to TS2 and TE2, respectively
(S207-1-6). The arithmetic unit 21 calculates the fourth
emission intensity average value of those stored at the row
specified by the wavelength stored in the corresponding line
of the column 254 for wavelength 2 shown in FIG. 7 in the
time line from TS2 to TE2 of the column 24c¢ for emission
intensity of the OES data table 24a of FIG. 6 (S207-1-7).

The column 29¢ for emission intensity monitor value
shown in FIG. 11 stores the value obtained by dividing the
third emission intensity average value by the fourth emission
intensity average value (S207-1-8) as described below.

The column 294 for etching processing result of the
emission intensity monitor value data table 294 stores the
value stored in the column 23¢ for etching processing result
of the etching processing result table 23a shown in FIG. 5
s0 as to be corresponded to the wafer ID (S207-1-9).

The arithmetic unit 21 calculates the prediction error (e)
for prediction of the etching processing result using the
emission intensity monitor value through the aforemen-
tioned formulae 1 to 5 (S207-1-10). The calculated predic-
tion error (e) becomes the one to be obtained in S207.

The arithmetic unit 21 stores the minimum value of
prediction errors calculated R times in the subject line of the
column 26g for prediction error of the random number
search result data table 26a shown in FIG. 8 in S207-3, and
stores the time interval providing the minimum value in the
columns 26e for wavelength 1-time interval and 26/ for
wavelength 2-time interval in S207-4. The wavelength com-
bination determined to be searched in S207-5 and the
corresponding 1D are stored in the columns 265 for ID, 26¢
for wavelength 26¢, and 264 for wavelength 2, respectively.

In S208, the arithmetic unit 21 calculates the rank of the
prediction error values from the line of smaller value so as
to be stored in the respective lines of the column 26# for
prediction error rank using the prediction error value stored
in the column 26g for prediction error of the random search
result data table 26a shown in FIG. 8 The arithmetic unit 21
specifies the line with the lowest rank stored in the column
26/ for prediction error rank, stores the code O in the
column 26/ for continuous search so that the search in the
time interval is continued in the subject line, and further
stores the code — with respect to any other line in the column
26i for continuous search. In this example, only one line is
specified. However, it is possible to specify a plurality of
lines in the order of smaller prediction error with the code O
for continuous search.

The aforementioned process makes it possible to restrict
the wavelength combination for search in the time interval,
thus reducing the search time.

In S209, the arithmetic unit 21 specifies the line that stores
the code O indicating the continuous search in the column
26i for continuous search of the random number search
result data table 26a shown in FIG. 8, reads the information
stored in the subject line of the columns 265 for 1D, 26¢ for
wavelength 1 and 264 for wavelength 2, and stores the read
information in the columns 274 for ID, 27¢ for wavelength
1, and 274 for wavelength 2 of the final search result data
table 27a shown in FIG. 9.



US 9,443,704 B2

19

The arithmetic unit 21 further calculates the emission
intensity monitor value with respect to combination of all
the possible time intervals with the wavelength stored in the
columns 27¢ for wavelength 1 and 274 for wavelength 2,
and calculates the prediction error (e) with respect to the
emission intensity monitor values through the formulae 1 to
5. Among the calculated values of prediction error (e), the
minimum value is stored in the column 27g for prediction
error of the final search result data table 274, and the time
interval providing the minimum value is stored in the
columns 27e for wavelength 1-time interval and 27f for
wavelength 2-time interval.

If the code O indicating the continuous search is stored
in a plurality of lines of the column 26i for continuous
search, the prediction error (e) is calculated with respect to
the combinations of all possible time intervals with the
wavelength values in the respective lines. Among combina-
tions of the respective wavelength values and time intervals,
the combination of wavelength and time interval, which
exhibits the minimum prediction error, and the correspond-
ing ID are stored in the final search result data table 27a.

In S210, the arithmetic unit 21 outputs the values stored
in the final search result data table 274 shown in FIG. 9 and
data relevant to the scatter chart on the screen as the final
search results to end the process. FIG. 16 shows an example
of the output screen presented by the arithmetic unit 21 to
the operator.

The output screen shown in FIG. 16 displays a table D300
of combination of wavelength and time interval, which
exhibits the first ranked prediction error, and a scatter chart
display section D307.

A column D301 for prediction error rank of the table
D300 of wavelength and time interval which exhibits the
first ranked prediction error stores the number 1 indicating
that the value with the minimum prediction error among
those of the searched wavelength and time interval. The
columns D302 for wavelength 1, D303 for wavelength 2,
D304 for wavelength 1-time interval, D305 for wavelength
2-time interval, and D306 for prediction error are displayed
so as to display information stored in the columns 27¢ for
wavelength 1, 27d for wavelength 2, 27¢ for wavelength
1-time interval, 27f for wavelength 2-time interval, and 27g
for prediction error.

The scatter chart display section D307 displays the scatter
chart 1610 of the emission intensity monitor values and the
etching processing result upon calculation of the emission
intensity monitor value with respect to the combination of
wavelength and time interval, which exhibits the first ranked
prediction error.

The operator is allowed to identify the combination of
wavelength and time interval which exhibits small predic-
tion error of the etching processing result by confirming the
output screen shown in FIG. 16.

The content displayed on the output screen which has
been stored in the final search result data table 274 shown in
FIG. 16 is stored in the control condition data storage region
28 of the storage unit 22 shown in FIG. 1.

In mass production, the data stored in the control condi-
tion data storage region 28 is used to control the plasma
processing unit 11 with the control unit 13 for sequentially
etching the wafer 114.

As described above, use of the analyzing method per-
formed by the etching apparatus 1 (analyzing section 20)
according to the present embodiment makes it possible to
easily identify the combination of wavelength and time
interval which exhibits the small prediction error of the
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etching processing result, from a plurality of combinations
of wavelength and time interval.

The embodiment allows adequate determination of a
plurality of conditions of measurement wavelength and
measurement time as the plasma emission monitor condi-
tion. This makes it possible to execute the etching process
highly accurately by maintaining the suitable flow rate of the
etching processing gas.

The embodiment allows adequate determination of a
plurality of conditions of measurement wavelength and
measurement time as the plasma emission monitor condi-
tion. This makes it possible to provide the prediction value
of the etching processing result with high accuracy while
reducing the error compared with the related art.

As a result, it is possible to calculate the difference
between the target value and the prediction value of the
etching processing result with higher accuracy. The etching
process is executed while accurately controlling the adjust-
ment value of the etching processing condition, for example,
the flow rate of the etching gas (gas flow rate) supplied from
the gas supplier 117 so as to ensure formation of the fine
shape pattern in the stable state.

The present invention has been described based on the
present embodiment in detail. However, it is to be under-
stood that the invention is not limited to the present embodi-
ment as described above, and may be variously modified so
long as it does not deviate from the scope of the invention.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiment is therefore to be consid-
ered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims, rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed is:

1. An etching apparatus comprising:

a processing chamber;

a plasma generating unit for generating plasma by intro-
ducing etching gas into the processing chamber
exhausted in vacuum, in which a specimen is disposed;

a plasma emission monitor unit for monitoring emission
of the plasma generated by the plasma generating unit;

an arithmetic unit for generating data concerning a con-
dition of controlling the plasma generating unit;

a storage unit for storing the data concerning a condition
of controlling the plasma generating unit, which has
been generated by the arithmetic unit; and

a control unit for controlling the plasma generating unit
based on a state of the plasma emission monitored by
the plasma emission monitor unit and the control data
stored in the storage unit,

wherein the arithmetic unit generates a wavelength com-
bination from wavelength band of the plasma emission
to be generated upon etching of the specimen as a
condition for etching the specimen by the plasma
generating unit, sets a time interval for calculating an
average value of emission intensity in a time period for
etching the specimen with respect to the generated
wavelength combination, calculates a prediction error
for prediction of the etching processing result using the
average value of the emission intensity in the time
interval with respect to each of the generated wave-
length combinations, specifies a combination of wave-
length and time interval, which exhibits a minimum
value of the calculated prediction error, and generates
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a condition for etching the specimen using a prediction
value of the etching processing result with respect to
the combination of wavelength and time interval,
which exhibits the minimum value of the specified
prediction error. 5

2. The etching apparatus according to claim 1, wherein the
arithmetic: unit specifies the wavelength combination from
the calculated prediction error, calculates a second predic-
tion error by searching the time interval with respect to the
specified wavelength combination, and selects the combi- 10
nation of wavelength and time interval, which exhibits a
minimum value of the second prediction error, as the wave-
length and the time interval used for predicting the etching
processing result.

3. The etching apparatus according to claim 1, further 15
comprising an output section which outputs information
concerning the combination of wavelength and time inter-
val, which exhibits the minimum value of the prediction
error selected, as the wavelength and the time interval for
predicting the etching processing result by the arithmetic 20
unit together with information of the prediction error.
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